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(54) EMULSION COMPOSITION FOR SILICONE RUBBER SPONGE, PROCESS FOR PRODUCING 
THE SAME, AND PROCESS FOR PRODUCING SILICONE RUBBER SPONGE 



(57) Asiiicone rubber sponge emulsion composition 
comprising (A) (a) a liquid diorganopolysiloxane having 
at least two aikenyl groups per molecule, or a paste-like 
mixture of (a) a liquid diorganopolysiloxane having at 
least two aikenyl groups per molecule and (d) a reinforc- 
ing filler, (b) an organopoiysiioxane tiaving at least two 
silicon-bonded hydrogen atoms per molecule, and (c) a 



platinum catalyst, (B) an aqueous solution of a water- 
soluble polymer, and (C) an emulsifying agent; Its pro- 
duction; and production of silicone rubber sponge, 
wherein silicone rubberspongeis obtained by curingthe 
composition into a molding and heating the molding. 



00 

o 

CO 
CM 



OL 
LU 



EP 1 724 308 A1 



Description 

TECHNICAL FIELD 

s [0001] The present Invention relates to a silicone rubber ^onge emulsion composition, its production, as well as to 
production of silicone rubber sponge from the emulsion composition. 

TECHNICAL BACKGROUND 

10 [0002J Owing to its heat resistance, lightweight, and superior weatherability, silicone rubbersponge is used for packing, 
gasltets, O-rings and other automotive components; for copier roii surface-covering materials; and for various sealing 
materials, etc. As described below, in the past, numerous compositions have been suggested for use in the forming of 
such siiicone rubber sponge. 

[00031 For example, siiicone rubber sponge-forming compositions obtained by adding thermally decomposable organic 

'5 foaming agents represented by azobisisobutyronitriie are taught in Japanese Examined Patent Application Publication 
No.(hereafter referred to JP Kokoku) Sho44-461 and Japanese Unexamined Patent Application Publication No.(hereafter 
referred to JP Kokai) Hei 7-247436 and a siiicone rubber sponge-forming composition obtained by adding balloons 
having an outer shell of thermoplastic piastic containing butane, isopropane, or other volatile hydrocarbons inside is 
proposed in JP Kokai No. Hei 5-209080. However, themnaliy decomposable organic foaming agents and their themrjal 

20 decomposition products are not good for health, in addition, since the compositions make use of gases generated by 
the decomposition of thennally decomposable foaming agents on heating as foaming agents or utilize themnoexpandable 
balloons as foaming agents, they are not easily amenable to compression molding and molding under hermetically 
sealed conditions, and although they are suitable for making moldings of simple shapes, they are not suitable for 
applications involving moldings of complex shapes and their applications are limited. 

S5 [0004] A silicone rubber sponge-forming composition, which comprises an alkenyl-contalning diorganopolysiloxane, 
an organohydrogenpoiysiloxane, a ar>all amount of water, and a platinum catalyst and is foamed by hydrogen gas 
generated by a reaction between the organohydrogenpoiysiloxane and water during crossiinking via hydrosilation, is 
taught in JP Kokai Sho 54-1 35865, a silicone rubber sponge-forming composition, in which liquid alcohol is used Instead 
of water, is taught In JP Kokai Hei 5-70692, and a silicone rubber sponge-forming composition, which is a hydrosilation 

30 reaction-crossiinkable composition comprising an alkenyl-contalning diorganopolysiloxane, an organohydrogenpoiysi- 
loxane, and a platinum catalyst and is foamed by excess organohydrogenpoiysiloxane, water, and monohydrlc or pol- 
yhydric alcohol, is taught in JP Kokai Hei 11-130963. Such hydrosilation-crosslinkable, i.e. addition-curable type silicone 
rubbersponge-forming compositions pose safety prctolems because they all utilize hydrogen gas generated during curing 
as a foaming agent. Moreover, depending on the amount of material injected into the cavity during compression molding 

35 and injection molding, ceil structure may become uneven, part dimensions in the mold and as-molded part dimensions 
may end up different, resulting in poor dimensional accuracy, A silicone rubber sponge-fonnlng composition, which 
comprises an organopolysiloxane, an emulsifying agent, water, and a thickening agent and is foamed by means of 
evaporation and expansion of water, is taught In JP Kokai Hei 7-122000 and a silicone rubbersponge-forming compo- 
sition, which is a hydrosilation-crosslinkable, i.e. addition-curable type composition comprising an alkenyl-contalning 

'*o diorganopoiysiloxane, an organohydnDgenpolysiloxane, and a platinum catalyst and which contains water absorbent 
polymer particles. Is taught in JP Kokoku 2002-1 14860. However, despite being suitable for compression molding ^- 
plicatlons and for imparting superior dimensional accuracy to molded articles, i.e. sponge moldings, these compositions 
lack sufficient eel! fineness and cell uniformity. 

Additionally, a method for fabricating silicone rubber sponge by curing a condensation-curable type silicone emulsion 
45 comprising a diorganopolysiloxane having both ends blocked by hydroxyl groups and an organotin catalyst by freezing 
and, afterthawing, removing water therefrom, is taught in JP Kokai Sho 59-1 2832. This method, however, leads to poor 
productivity due to the energy and time requirements Imposed by freezing and thawing, as well as to the poor heat 
resistance resulting from the use of the organotin catalyst. On the other hand, despite the existence of well-known 
hydrosilation-crosslinkable, i.e. addition-curable type silicone rubber emulsion compositions and methods for producing 
so silloone rubber and coating films from such compositions, there are no known addition-curable type silicone rubber 
sponge emulsion compositions or methods for producing silicone rubber sponge from such emulsion compositions. 

DISCLOSURE OF THE INVENTION 

55 [0005] It is an object of the present invention to provide an emulsion composition used for obtaining silicone rubber 
sponge with cells of small diameters and excellent uniformity without using organic foaming agents, hydrogen gas and 
volatile hydrocarbon gases as foaming agents, a method for producing said silicone rubbersponge emulsion composition, 
and a method for efficiently producing silicone rubber sponge having superior dimensional accuracy and cells of small 
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diameters and excellent uniformity from said emulsion composition. 
[0006] The present invention relates to: 

1 . A silicone rubber sponge emulsion composition, wfiich comprises (A) a liquid silicone rubber base comprising (a- 
s 1 ) a liquid diorganopolyslloxane having at least two alkenyl groups per molecule or(a-l) a liquid diorganopolysifoxane 

having at least two alkenyl groups per molecule and (a-4) a reinforcing filler, (a-2} an organopolysiloxane having at 
least two silicon-bonded hydrogen atoms per molecule, and (a-3) a platinum catalyst, (B^) an aqueous solution of 
(b-1) a water-soluble polymer, and (C) an emulsifying agent, and In which (a-l) to (a3) or (a-1) to (a-4) in component 
(A) form an addition-curable type liquid silicone rubber composition, component (B) is contained in a proportion 
'0 ranging from 50 to 250 parts by weight and component (C) is contained In a proportion ranging from 0. 1 to 10 parts 

by weight per 100 parts by weight of the total of (a-l) to (a-3) or the total of (a-1) to (a-4) in component (A). 

2. A method for producing the silicone rubber sponge emulsion composition according to 1 , wherein an addition- 
curable type liquid silicone rubber composition is prepared by mixing (A) a liquid silicone rubber base comprising 
(a-1) a liquid diorganopolysiloxane having at least two alkenyl groups per molecule, or (a-1) a llt^uld diorganopoly- 

15 sifoxane having at least two alkenyl groups per molecule and (a-4) a reinforcing filler, (a-2) an organopolysiloxane 

having at least two silicon-bonded hydrogen atoms per molecule, and (a-3) a platinum catalyst and an emulsion is 
produced by mixing the addition-curable type liquid silicone rubber composition with {B"") an aqueous solution of (b- 
1) a water-soluble polymer, and (C) an emulsifying agent, 

3. A method for producing the silicone rubber sponge emulsion composition according to 1, wherein an emulsion 
20 is produced by mixing (A) a liquid silicone rubber base comprising (a-1) a liquid diorganopolysiloxane having at ieast 

two alkenyl groups permoiecuie or (a-1) a liquid diorganopolysiloxane having at ieast two alkenyl groupsper molecule 
and (a-4) a reinforcing filler, (B^) an aqueous solution of (b-1) a water-solubie polymer, and (C) an emulsifying agent, 
and the emulsion is mixed with (a-2) an organopolysiloxane having at least two silicon-bonded hydrogen atoms per 
molecule and (a-3) a platinum catalyst. 

S5 4, A silicone rubber sponge emulsion composition, which comprises (A) a liquid silicone rubber base comprising (a- 
1 ) a liquid diorganopolysiloxane having at least two alkenyl groups permoiecuie or (a-1) a liquid diorganopolysiloxane 
having at least two alkenyl groups per molecule and (a-4) a reinfordng filler, (a-2) an organopolysiloxane having at 
least two silicon-bonded hydrogen atoms per molecule, (a-3) a platinum catalyst, (B2) an aqueous solution of (b-1) 
a water-soluble polymer and (C) an emulsifying agent, and In which (a-1) to (a3) or (a-1 ) to (a-4) in component (A) 

30 fomn ai\ addition-curabie type liquid silicone rubber composition, component {b-1) and water are contained in a 
proportion ranging from 1 0 to 250 parts by weight and component (C) is contained in a proportion ranging from 0.1 
to 1 0 parts by weight per 1 00 parts by weight of the total of (a-1 ) to (a-3) orttie total of (a-l ) to (a-4) in component (A). 
5. The silicone rubber sponge emulsion composition according to 1 or 4, wherein component (b-1) is sodium salt 
of an acrylic acid polymer and component (C) is a nonionic surfactant. 

35 6. The silicone rubber sponge emulsion composition according to 5, wherein the sodium salt of an acrylic acid 
polymer Is sodium salt of poiyacryllc acid. 

7. The silicone rubber sponge emulsion composition according to 1 or 4, wherein component (b-1) is contained in 
component (B^) or component (B^) in an amount of 0.1 to 5 % by weight. 

B. The method for producing a silicone rubber sponge emulsion composition according to 2 or 3, wherein component 
40 (fa-1 ) is sodium salt of an acrylic acid polymer and component (C) is a nonionic surfactant. 

9. The method for producing a silicone rubber sponge emulsion composition according to 8, wherein the sodium 
salt of an acrylic acid polymer is the sodium salt of polyactylic acid. 

1 0. The methodfor producing asilicone rufabersponge emulsion composition according to 2 or3, wherein component 
(b-1) Is contained in component (B'') or component (B^) in an amount of 0.1 to 5 % by weight. 

4S 1 1 . A method for producing silicone rubber sponge, wherein silicone rubber sponge is obtained by forming a moist 

silicone rubber-like molding by curing the silicone rubber sponge emulsion composition according to 1 or 4 and then 
evaporating water from the molding by heating. 

12. The methodfor producing asilicone rubber sponge according to 1 1 , wherein the silicone rubber sponge emulsion 
composition is cured at a temperature between room temperature and less than 120°C and the cured product Is 

so heated at 120°C to 250°C. 

13. The methodfor producing a silicone rubber sponge according to 11 or 12, wherein the silicone rubber sponge 
emulsion composition does not contain air bubbles. 

BEST MODE FOR CARRYING OUT THE INVENTION 

SB 

[0007] The addition-curable type liquid silicone rubber composition comprising (A) (a) a liquid diorganopolysiloxane 
having at least two alkenyl groups permoiecuie, (b) an organopolysiloxane having at least two silicone bonded hydrogen 
atoms per moiecule, and (c) a platinum catalyst, which is used as a silicone rubber sponge emulsion composition, is 



3 



EP 1 724 308 A1 



liquid at normal temperatures and is converted to a rubbery state througii the crosslink! ng and curing of component (a) 
and component (b) by the addition of the silicon-bonded hydrogen atoms of component (b) to the silicon-bonded all<enyl 
groups of component (a) under the catalytic action of component (c). 

[0008] The alkenyl groups in the liquid diorganopolysiioxane having at least two alkenyl groups per molecule (a) are 
5 exemplified by vinyl, allyl, propenyl, and hex^rt groups, with vlnyi groups being preferable from the standpoint of manu- 
facturing simplicity. Organic groups other than alkenyl are exemplified by methyl; ethyl, propyl, hexyl, and other alkyi 
groups; phenyl, toly!, and other aryl groups; 3,3,3-trifluoropropyl, 3-chloropropyl, and other halogenated alky! groups, 
with methyl being preferable from the standpoint of manufacturing simplicity. The molecular structure of this component 
may be either a linear structure or a linear structure containing branches. There are no particular limitations concerning 
10 the molecular weight of this component as long as the component is liquid at nomnal temperatures, and its wscoslty at 
25''C is preferably not less than 100 mPa-s and not more than 100,000 mPa-s, 

[0009] This component Is exemplified by dimethylpoiysiloxane, methyiaikylpoiysiloxane, methylvlnylpolyslloxane, 
dimethylsiloxane-methylvinylsiloxane copolymer, methylphenylpoiysiloxane, and methyl(3,3,3-trlfluoropropyl)polysi- 
(oxane having both ends blocked by dimethylvlnylsiloxy groups; methylvlnylpolyslloxane and dimethylslloxane-methyl- 
IS vinylsiloxane copolymer having both ends blocked by trlmethylsiloxy groups; methylvinylpolysiloxane and dimethylsi- 
ioxane-methylviny Islloxane copolymer having both ends blocked by dimethyihydroxylsiloxy groups; and dimethylpoiysi- 
loxane having both ends blocked by methyldivinylsiloxyortrlvinyisiioxy groups, Twoormore types of the above-mentioned 
diorganopolysiloxanes may be combined. 

[0010] Furthermore, the organopolysiloxane having at least two silicon-bonded hydrogen per molecule (b) Is a cross- 
20 linking agent for component (a). Underthe catalytic action of component (c), the silicon-bonded hydrogen atoms of this 
component are added to the silicon-bonded alkenyl groups In component (a), thereby cross-linking and curing component 
(a). Although this component has at leasttwo silicon-bonded hydrogen atoms, when there are two silicon-bonded alkenyl 
groups in component (a), it needs to have not less than three silicon-bonded hydrogen atoms. The silicon-bonded organic 
groups of component (b) are exemplified by methyl; ethyl, propyl, hexyl, and other alkyI groups; phenyl, tolyl, and other 
2S aryl groups; and by 3,3,3-trlfluoropropyi, 3-chloropropyl, and other halogenated alkyI groups. The molecular structure 
of this component may be linear, branched, cyclic, or network-like. There are no particular limitations concerning the 
degree of polymerization of this component so long as it is not less than 2, and its viscosity at 25'C Is preferably between 
Sand 1 0,000 mPa^s. The compounding ratio of component (a) and component (b) is preferably such that the molar ratio 
of the silicon-bonded hydrogen atoms of component (b) and the silicon-bonded alkenyl groups of component (a) is 
30 preferably {0.5:1 ) to (20:1 ) and, even more preferably, (0.8:1 ) to (5:1 ). This is due to the fact that superior curability is 
difficult to obtain when the molar ratio is smaller than 0.5 and the hardness of the cured product becomes excessively 
high when it is greater than 20. 

[001 1 ] The platinum catalyst (c) is a catalyst used forthe cross-linking and curing of component (a) through the addition 
of the silicon-bonded hydrogen atoms of component (b) to the silicon-bonded alkenyl groups of component (a). It is 

35 exemplified by platinum micropowder, platinum black, chloroplatlnic acid, olefin complexes of chloroplatinic add, chlo- 
roplatinicacid/divinyltetramethyldlsiioxanecomplexes, platinum complexes of divinyltetramethyldlsiloxane,chloroplatinic 
acid/ p-dtketone complexes, platanum complexes of ji-diketone, rhodium compounds, and palladium compounds. Com- 
ponent (c) is used in so-called catalytic amounts, I.e. amounts sufficient forthe cross-linking and curing of component 
(a) through the addition of the silicon-bonded hydrogen atoms of component (b) to the silicon-bonded alkenyl groups of 

40 component (a). Specifically, itshould be used in an amount of 1 to 1 000 ppm by weight, based on platinum metal, relative 
to component (A). 

[0012] To adjust the flowabllity or improve the mechanical strength of the cured product, the liquid silicone rubber 
composition may be combined with various fillers. Such fillers are exemplified by fumed silica, precipitated silica, aerogels, 
and other reinforcing silica fillers; carbon black, colloidal calcium carbonate, fumed titanium dioxide, and other reinforcing 

^ fillers; quartz micropowder, dlatomaceous earth, alumlnosiiiclc acid powder, magnesium oxide powder, precipitated 
calcium carbonate, and other semi-relnforclng and non- reinforcing fillers; reinforcing siiica fillers hydrophobicized with 
dimethyldlchlorosilane, trimethylchlorosllane, hexamethyldlsilazane, octamethylcyclotetrasiloxane, and other organosii- 
icon compounds; and calcium carbonate powdertreated with a resin acid or a higherfatty acid. It Is especially preferable 
to pre-mix component (a) with a reinforcing filler (d), In particular, a reinforcing silica filler, in order to make a paste-like 

so mixture and then combine the mixture with ttie rest of the components. Mixing under heating is preferable when preparing 
the paste-like mixture, and hydrophobing agents, such as hexamethyldlsilazane ordimethylsiloxane blocked by silanol 
groups, can be added when the components are mixed. The reinforcing filler (d) may be added in an amount of 1 to 60 
parts by weight, and, preferably, 5 to 40 parts by weight, per 1 00 parts by weight of component (a). 
[0013] The mixture of component (a) to component (c) tends to undergo addition reactions even at normal temperatures 

55 and it Is preferable to further combine it with an addition reaction inhibitor In order to prevent cross-linking reactions from 
taking place during emulslficatlon or during storage of the emulsion. The addition reaction Inhibitor Is exemplified by 
acetylene alcohols, ene-yne compounds, benzotrlazole, and tetramethyltetravinylcyclotetrasiloxane. The addition reac- 
tion Inhibitor should be added to component (A) in an amount that suppresses addition reactions between component 
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(a) and component (b) at normal temperatures and do8s not inhibit addition reactions underheating. it is usuaiiy preferable 
to add the addition reaction inhibitor in the amount of 0.01 to 5 parts by weight per 100 parts by weight of the total of 
component {a) to component (c). Alcohols, pigments, heat resistance agents, flame retarders, piasticizers, antibacterial 
agents, fungicides, tacl<ifiers, etc. may be further combined with component (A) as needed. 

5 The aqueous solution of a water-soluble polymer (B) provides a solute necessary for emulsifying component (A). 

[0014] As long as the water is pure, there are no limitations concerning the type of the water used in component (B), 
which is a solute necessary for the preparation of the silicone rubber sponge emulsion, it is exemplified by tap water, 
well water, ton exchange water, and distilled water. The amount of added component (B) is 50 to 250 parts by weight, 
and more preferably, 70 to 200 parts by weight, per 1 00 parts by weight of the total of (a), (b), and (c) in component (A). 

10 This is due to the fact that cwnponent (A) becomes difficult to be emulsified and the expansion ratio of the formed silicone 
rubber sponge becomes smaller when it is less than 50 parts by weight, and, on the other hand, the strength of the 
formed silicone rubber sponge is impaired when It exceeds 250 parts by weight. The water-soluble polymer contained 
in component (B), which may be a viscosity improver or thickening agent conventionally used for emulsions, Is added 
in order to raise the viscosity of component (B) and prepare a stable emulsion using a small amount of emulsifying agent. 

fs The content of the water-soluble polymer in component (B) is 0.1 to 5 % by weight, and, more preferably, 0,5 to 3 % by 
weight. When its content is lower than 0.1 % by weight, the viscosity of the aqueous solution of a water-soluble polymer 
decreases and it becomes difficult to obtain a stable emulsion, and, on the other hand, when it exceeds 5 % by weight, 
the viscosity is too high and it becomes difficult to degas the emulsion, nelttier of which is desirable. 
[00151 Among such water-soluble polymers, polymers with high viscosity in acqueous soiutions are preferable and 

33 polymers whose molecules do not havef unctional groups and atoms (nitrogen, iodine, phosphorus, arsenic, etc.) inhibiting 
addition reactions are preferable as weW. Naturally occurring polymers, modified naturally occurring polymers, and 
synthetic polymers may all be used. Specifically, they are exemplified by alglnic acid, sodium salt of alginic acid, carra- 
geenan, and other naturally occurring water-soluble polymers; sodium salt of carboxymethyl cellulose, sodium salt of 
carboxyethyl cellulose, methyl cellulose, ethyl cellulose, hydroxyethyl cellulose and other cellulose derivatives; modified 

2S starches, dextrin, dextran, and other starch derivatives; polyvinyl alcohols; sodium salt of polyacryllc acid, sodium salt 
of polymethactylic acid, sodium salts of polyactyllc acid/methacryiic acid, and sodium salts of otheracryiic acid polymers. 
From the standpoint of emulsion stability, however, sodium salts of acrylic acid polymers, and especially the sodium salt 
of polyacryllc acid, are particularly preferable. Two or more types of such water-soluble polymers may be used together. 
[0016] The emulsifying agent (C) is added in ordertofonnastabie emulsion by emulsifyingcomponent (A) in component 

30 (B). Although there are no particular limitations concerning the type of the emulsifying agents as long as they possess 
emulsifying power, nonionlc emulsifying agents whose molecules do not have functional groups and atoms (nitrogen, 
iodine, phosphorus, arsenic, etc.) Inhibiting addition reactions are preferred. Nonionlc surfactants used as nonionic 
emulsifying agents are exemplified by polyoxyethylene alky! ethers, polyoxyethylene alkyl phenyl ethers, elhyleneglycol 
monofatty acid esters, propyleneglycol monofatty acid esters, sorbitan monofatty acid esters, sorbitan trifatty acid esters, 

35 polyoxyethylene sorbitan trifatty acid esters, polyoxyethylene monofatty acid esters, polyoxyethylene difatty acid esters, 
polyoxyethylene propyleneglycol fatty acid esters, or POE polyhydric alcohols. The HLB values of the emulsifying agents 
are preferably between 6 and 14. Two or more types of these emulsifying agents may be used together. 
[0017] Because component (A) is emulsified in component (B). which contains a water-soluble polymer and has a 
high viscosity, the amount of added component (C) can be greatly reduced in comparison with emulsificatlon in water, 

'fo The amount of added component (C) is 0.1 to 1 0 parts by weight, and more preferably, 0.5 to 7 parts by weight per 1 00 
parts by weight of component (A). This is due to the fact that it becomes difficult to obtain a stable silicone rubber sponge 
emulsion composition if It is less than 0.1 parts by weight and the heat resistance of the silicone rubber sponge tends 
to decrease if it exceeds 1 0 parts by weight. 

[0018] An aqueous solution of an emulsifying agent and a water-soluble polymer may be used for emulsifying com- 
45 ponent (A). 

[001 9] Aslllcone rubbersponge emulsion composition containing such component (A), component (B), and component 
(C) can be prepared, for Instance, In accordance widi the following methods. 

(1) A predetenriined amount of (A) a iiquid silicone rubber composition, a predetermined amount of (B) an aqueous 
50 solution of a water-soluble polymer, and a predetermined amount of (C) an emulsifying agent are placed in a high- 
speed stirring mixer and mixed by stirring for a predetermined time. 

(2) Predetermined amounts of component (a) from component (A), (B) an aqueous solution of a water soluble 
polymer, and (C) an emulsifying agent are placed in a high-speed stirring mixer and mixed together by stirring for 
a predetermined time, whereupon predetemiined amounts of component (b) and component (c) are added and 

S5 mixed therewith by stirring. 

(3) Predetermined amounts of component (a) from component (A), and an aqueous solution of a water soluble 
polymer and (C) an emulsifying agent are placed in a high-speed stirring mixer and mixed together by stirring for a 
predetennined time, after which predetermined amounts of component IJa) and component (c) are added and mixed 
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therewith by stirring. 

[0020] The high-speed stirring mixer used here is exemplified by Homomixers, paddle mixers, Henschel mixers, 
Homodispersers, colloid mills, stirring mixers for vacuum mixing, twin screw extruders, etc. However, there are no 
5 partjcular limitations conceming the type of the mixer as long as it has superior emulsifying power and produces stable 

emulsions. 

[0021] !f air bubbles are entrained into such a silicone rubber sponge emulsion composition during its preparation, it 
is preferable to degas it prior to curing. 

[0022] Silicone rubber sponge can be fabricated from such a silicone rubber sponge emulsion composition using 
10 various methods. For instance, silicone rubber sponge with uniform and fine cells can be obtained by injecting the silicone 
Ribber sponge emulsion composition into a cavity of a sheet moid used for compression molding, forming a moist silicone 
rubber sponge-like molding by keeping it under pressure at a temperature between normal temperature and 1 20°C or, 
more preferably, between 50 and lOCC, and ttien removing water from the moist silicone rubber sponge-like molding 
by taking it out of the mold and heating it at 120 to 250°C. In addition, string-like silicone rubber sponge can also be 
IS fabricated by extruding the silicone rubber sponge emulsion composition from a nozzle in a rod-like shape, curing it by 
introducing into hot water at e.g. 60 to lOO'C, and then hot air drying the cured product. Otherwise, silicone rubber 
sponge film can be formed by coating a glass cloth or a synthetic fiber cloth with the silicone rubber sponge emulsion 
composition and e.g. either curing it by heating to 50 to 120°C and then hot air drying, or curing it with simultaneous 
dehydration by heating. 

20 

WORKiNG EXAMPLES 

[0023] Below, the present invention is explained in detail by referring to working examples and comparative examples. 
In the description below, the terni "parts" means "parts by weight" and "%" means "% by weight", with viscosity indicated 
ss using values obtained at 25''C. The properties of the silicone rubber sponge emulsion compositions, as well as those of 
the silicone rubber sponge, were detennined under the following conditions. 

• Emulsification of silicone rubber sponge emulsion compositions: Evaluated by visually obsen/ing the external ap- 
pearance of the silicone rubber sponge emulsion compositions immediately after preparation. 

30 * Silicone rubber sponge density: Sheets of silicone rubber sponge were punched using a puncher of a predetermined 
diameter, the weight and thickness of the punched-out pieces were measured, and their density was calculated as 
a ratio of weight/volume (g/cm^). 

• Dimensional accuracy: A ratio, which was obtained by dividing of the thickness (mm) of a sheet of silicone rubber 
sponge after hot air drying by the thickness (mm) of a sheet of moist silicone rubber sponge prior to hot air drying, 

35 was calculated and used as a measure of dimensional accuracy. 

• Cell diameter: Obtained by obsen/ing a sheet of silicone rubber sponge under a microscope. 

Working Example 1, Working Example 2 and Working Example 3 

40 [0024] Aflowable paste-like siSlcone rubber base, i.e. a liquid silicone rubber base, was prepared by placing 100 parts 
of a dimethylpolysiloxane with a viscosity of 10,000 mPa-s having both ends of the molecular chain blocked by dimeth- 
ylvinylsiloxy groups (vinyl group content: 0.1 4%) (component (a)), 20 parts of fumed silica with a specific surface area 
of 200 m^/g (component (d)), 5 parts of hexamethyldisilazane used as a hydrophobing agent, and 1 part of water in a 
mixer equipped with stirring blades, mixing the components to homogeneity, and then stirring the mixture for two hours 

45 at 1B0°C under reduced pressure. After cooling the base, a liquid silicone rubber composition was obtained by adding 
0.5 parts of a dimethylsiloxane/methylhydrogensiloxane copolymer having both ends blocked by trimethylsiloxy groups 
(silicon-bonded hydrogen content: 0.8%) (component (b)), 0.1 parts of achloroplatinicacid/divinyltetramethyldisiloxane 
complex (platinum concentration: 0.4%) (component (c)), and 0.1 parts of 3,5-dimethyl-1-hexyn-3-ol as an addition 
reaction inhibitor to 1 00 parts of the base and mixing the components to homogeneity, Several silicone rubber sponge 

50 emulsion compositions were prepared by placing the liquid silicone rubber composition (component (A)), as well as an 
acqueous solution of sodium polyacrylate (sodium polyacrylate content: 1.0%) (component (B)), polyoxyethylene dilau- 
rate with an HLB value of 6.6 (component (C)), and polyoxyethylene dioleate with an HLB value of 10.4 (component 
(C)) in a commercially available Abitex mixer (from Matsubara Co., Ltd.) in the proportions listed in Table 1 and mixing 
the components for 1 0 minutes at a rotational speed of 9,000 rpm. 

55 Next, after degassing with a vacuum pump In order to remove air bubbles from the silicone rubber sponge emulsion 
compositions, they were poured into the cavity of a sheet mold with a thickness of 2 mm and cured by maintaining them 
at 9Q°C for 1 0 minutes, yielding moist silicone rubber sponge-like sheets. The sheets were placed in a hot air oven at 
1 50°C and hot air dried for 1 hour, yielding sheets of silicone rubber sponge. The shape of the silicone rubber sponge 
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sheetsfaithfully reflected the shape of the innersurface of the mold. Their density, dimensional accuracy and cell dianneter 
were measured and listed in Table 1 . Based on the results, it was found that the silicone rubber sponge of the present 
invention had superior dimensional accuracy and mold conformabillty, small cell diameters, and excellent unlfomriity. 

5 Comparative Example 1 and Comparative Example 2 

[0025] An attempt was made to prepare several silicone rubber sponge emulsion compositions in accordance with 
the same procedure as in Woricing Examples 1 , 2, and 3 based on the proportions listed in Table 1 and using the same 
raw materials as in Working Examples 1 , 2, and 3 with the exception of Examples 1 , 2, and 3 using water instead of an 
10 aqueous solution of sodium polyacrylate. However, stable emulsion compositions couid not be prepared and moist 
silicone rubber sponge-like sheets could not be obtained. 

Comparative Example 3 

15 [0026] 1C0 parts of the liquid silicone rubber compositions prepared in Worl<ing Examples 1 , 2, and 3, 120 parts of 
water gelled with a water-absorbent polymer (a crosslinked partiai sodium salt of an acrylic acid polymer from Sanyo 
Chemical Industries, Ltd., trade name SANFRESH ST500D)(water absorbent polymer content: 2.0%), and 7 parts of 
poiyoxyethy lene dilaurate were placed in an Abitex mixer (from Matsubara Co., Ltd.) and mixed together, yielding silicone 
oibber sponge emulsion compositions. Silicone rubber sponge was produced in accordance with the same procedure 

20 as in Working Examples 1 , 2, and 3, and its density, dimensional accuracy, and cell diameter were measured, and the 
results were listed in Table 1. 



Table 1 



S5 




Working 


Working 


Working 


Companative 


Comparative 


Comparat ive 




Example 1 


Example 2 


Example 3 


Example 1 


Example 2 


Example 3 




Liquid 
















silicone 
















rubber 


100 


100 


100 


100 


100 


100 


30 


(parts) 
















Aqueous 
















solution of 
















sodium 


120 


180 


120 








35 


polyacrylate 
(parts) 
















Water gelled 
















with water- 














40 


absor bent 
poiymer 
(parts) 












120 




Water (parts) 








60 


60 




45 


Poiyoxyethy! 














ene dioleate 
(parts) 


O.B 


0.6 


0.6 




12 






Poiyoxyethy] 
















ene dilaurate 


2,5 


2.5 




18 




7 


SO 


(parts) 
















Emulsificati 
on 


Excellent 


Excellent 


Excellent 


Did not 
emulsify 


Did not 
emulsify 


Excellent 




Density 


0.58 


0.4B 


0.61 






0.57 


55 


Dimensional 
accuracy 


1,0 


1.0 


0.99 






0.99 
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(continued) 







Working 
Example 1 


Working 
Example 2 


Working 
Example 3 


Comparative 
Example 1 


Comparative 
Example 2 


Comparat ive 
Example 3 


5 


Ceil diameter 
(mm) 


0.1 to 0.2 


0.1 to 0.2 


0.05 to 0.1 






0.2to0.B 



Working Example 4 

[0027] A f iowable paste-like silicone rubber base, i.e, a liquid silicone rubber base, was prepared by placing 1 00 parts 
of a dimethylsiloxane-methylvlnylsiloxane copolymer with a viscosity of 40,000 mPa-s having both ends of the molecular 
chain blocked by trimethylslloxy groups (vinyl group content: 0.14%) (component (a)) and 20 parts of AEROSIL R-972 
(fumed silica hydrophobicized using dimethyldichlorosilane from Nippon Aerosil Co,, Ltd.), in a mixer equipped with 
stirring blades, mixing the components to homogeneity, and stirring the mixture for two hours at 1 BO°C. After cooling 
the base, a liquid silicone rubber composition was obtained by combining 100 parts of the base with 0.5 parts of a 
dimethyisiioxane-methyihydrogensiioxane copolymer having both ends blocked by trimethyisiloxy groups (silicon-bond- 
ed hydrogen content: 0.8%) (component (b)), 0.1 parts of a chloroplatinic acid/divinyltetramethyldisiioxane complex 
(platinum concentration: 0.4%) (component (c)), and 0.1 parts of 3,5-d!methyl-1-hex\m-3-ol as an addition reaction 
inhibitor and mixing the components to homogeneity. A silicone rubber sponge emulsion composition was prepared by 
weighing and placing 100 parts of the liquid silicone rubber composition (component (A)), 120 parts of an aqueous 
solution of sodium polyacrylate (sodium polyacrylate content: 2%), 2.5 parts of SANNONIC SS-50 (a higher alcohol- 
based nonlonlc surfactant from Sanyo Chemical Industries, Ltd., HLB 10.5), and 2.5 parts of SANNONIC SS-70 (a higher 
alcohol-based nontonic surfactant from Sanyo Chemical industries, Ltd., HLB 12.8) In a container, placing the mixture 
in a T. K. Homomixer MARK Model II 2.5 (from IPROS Corporation), and mixing the components for 5 minutes at a 
rotational speed of 5,000 rpm. 

After degassing the silicone rubber sponge emulsion composition with the help of a vacuum pump, it was poured into 
the cavity of a sheet moid with a thickness of 2 mm and cured by maintaining it at 90°C for 15 minutes, yielding a moist 
silicone rubbersponge-like sheet. A sheet of silicone rubber sponge was obtained by subjecting this moist silicone rubber 
sponge-like sheet to hot air drying in accordance with the same method as in Working Examples 1 , 2, and 3. The shape 
of the silicone rubber sponge sheet faithfully reflected the shape of the inner surface of the mold. Its density, dimensional 
accuracy, and cell diameter were measured. It was found that it had a density of 0.59, a dimensional accuracy of 0.98, 
and cell diameters of 0.05 to 0.1 mm, and exhibited superior dimensional accuracy, mold conformabiiity, small cell 
diameters, and excellent unifomilty. 

Comparative Example 4 



[0028] A sheet of silicone rubber sponge was produced under the same conditions as in Working Example 4 with the 
exception of using 1 20 parts of water (water-absorbent polymer content: 0.3%) gelled with a water-absotbent polymer 
(acrossllnkedpartialsodiumsalt of an acrylic add polymerfrom Sanyo Chemical Industries, Ltd., trade name SANFRESH 

ST500D) instead of the aqueous solution of sodium polyacrylate used in Working Example 4. They had a density of 
0.58, a dimensional accuracy of 0.98, and cell diameters of 0.2 to 1.0 mm and exhibited considerable variation. 



Working Example 5 

[0029] A sheet of silicone rubber sponge was obtained by preparing a silicone rubber sponge emulsion composition 
by weighing and placing 1 00 parts of a liquid silicone rubbercomposition DY35-700A/B (from Dow Corning Toray Silicone 
Co., Ltd.) comprising a liquid diorganopolysiloxane having at least two vinyl groups per molecule, precipitated silica, an 
organopoiysiloxane having three or more silicon-bonded hydrogens per molecule, and a platinum catalyst, as weli as 
120 parts of an aqueous solution of sodium polyacrylate (sodium polyacrylate content: 2%), 2.5 parts of SANNONIC 
SS-50 (a higher alcohol-based nonlonlc surfactant from Sanyo Chemical Industries, Ltd., HLB 10.5), and 2.5 parts of 
SANNONIC SS-70 (a higher alcohol-based nonionic surfactant from Sanyo Chemical Industries, Ltd., HLB 12.8) in a 
container, placing the mixture in a T. K. Homomixer MARK Model II 2.5 (from SPROS Corporation), and mixing the 
components for 5 minutes at a rotational qpeed of 5,(X)0 rpm, followed by degassing, curing, and hot air drying the 
composition underthe same conditions as in Working Example 4. The shape of the silicone rubbersponge sheet faithfully 
reflected the shape of the inner surface of the moid, it had a density of 0.57, a dimensional accuracy of 0.99, and cell 
diameters of 0.05 to 0.1 mm. 

[0030] Based on the results, it was found that the silicone rubber sponge of the present invention had superior dimen- 
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sional accuracy and mold conformability, small ceil diameters, and excellent uniformity. 
Working Example 6 

5 [0031 ] A silicone rubber sponge emulsion composition was prepared by placing 1 00 parts of the liquid silicone rubber 

composition prepared in Working Examples 1, 2, and 3 (component (A)), 70 parts of an aqueous solution of sodium 
polyacrylate (sodium poiyacrylate content: 1.0%) (component (B)), 30 parts of an aqueous solution of carboxymethyi 
cellulose (carboxymethyi celiulose content: 3.0%) (component (8)), 2 parts of polyoxyethyiene diiaurate with an HLB 
value of 6.6 (component (C)), and 0.5 parts of polyoxyethyiene dioieate with an HLB value of 10.4 (component (C)) in 
10 an Abttex mixer (from Matsubara Co., Ltd.) and mixing the components for 10 minutes at a rotational speed of 9,000 
rpm. The emuSsification of the silicone rubber sponge emulsion composition was excellent. 

[0032] Next, a sheet of silicone rubber sponge was produced from this siiicone rubber ^onge emulsion composition 
underthesame conditions as in Working Examples 1 , 2, and 3. The shape of the silicone rubber sponge sheet faithfully 
reflected the shape of the inner surface of the moid. It had a density of 0,64, a dimensional accuracy of 0.95, and cell 
15 diameters of 0.05 to 0.1 mm. Based on the results, it was found thatthe silicone rubber sponge of the present invention 
had superior dimensional accuracy and mold confonnability, small cell diEmneters, and excellent uniformity. 

Worl«ng Example 7 

20 [0033J Asiiicone rubbersponge emulsion composition was prepared underthesame conditions as In Working Example 
6 with the exception of using 50 parts of an aqueous solution of sodium poiyacrylate (sodium poiyacrylate content: 1 .0%) 
(component (B)) and 50 parts of an aqueous solution of carboxymethyi cellulose (carboxymethyi cellulose content: 3.0%) 
(component (B)) in Working Example 6. The emuislfication of the silicone rubber sponge emulsion composition was 
excellent. A sheet of silicone rubber sponge was produced from tills silicone rubbersponge emulsion composition under 

25 the same conditions as in Working Examples 1 , 2, and 3. The shape of the siiicone rubber ^onge sheet faithfully reflected 
the shape of the inner surface of the mold. 

"Hiey had a density of 0.63, a dimensional accuracy of 0.93, and cell diameters of 0.05 to 0.1 mm. Based on the results, 

it was found that the silicone rubber sponge of the present invention had superior dimensional accuracy and mold 
confonnabiiity, small cell diameters, and excellent uniformity. 

30 

Working Example 8 

[0034] Allowable paste-like silicone rubber base, i.e. a liquid silicone rubber base, was prepared by placing 1 00 parts 

of a dimethyipolysiloxane with a viscosity of 10,000 mPa-s having both ends of the molecular chain blocked by dimeth- 

35 ylvinylsiioxy groups (vinyl group content: 0.1 4%) (component (a)) and 1 7 parts of fumed silica with a surface area of 200 
m^/g (component (d)) hydrophobicized with hexamethyidisllazane in a mixer equipped with stirring blades, mixing tJie 
components to homogeneity, and stirring the mixture for two hours at IBO'C under reduced pressure. An emulsion was 
prepared by placing 1 00 parts of the base, 1 00 parts of an aqueous solution of sodium polyacrylate (sodium poiyacrylate 
content: 1 .0%) (component (B)), 2 parts of polyoxyethyiene diiaurate (component (C)) with an HLB value of 6.6, and 0.5 

■'o parts of polyoxyethyiene dioieate (component (C)) with an HLB value of 1 0.4 in a T. K. Homomixer MARK Model II 2.5 
(from I PROS Corporation) and mixing the components for 1 0 minutes at a rotational speed of 9,000 rpm. Next, a silicone 
rubber sponge emulsion composition was obtained by adding 0.5 parts of a dimethylsiioxane/methyihydrogensiioxane 
copolymer having both ends blocked by trimethylsiloxy groups (silicon-bonded hydrogen content: 0.8%) (component 
(Ja)), 0.3 parts of a chloroplatinic acid/divinyltetrHmethyldlsiloxane complex (platinum concentration: 0.4%) (component 

45 (c)), and 0.01 parts of 3,5-dimethyl-1-liexyn-3-ol used as an addition reaction inhibitor and mixing the components to 
homogeneity. The emuislfication of the silicone rubber sponge emulsion composition was excellent. 
[0035] After degassing the silicone rubber sponge emulsion composition with a vacuum pump, it was poured into a 
cavity of a sheet mold with a thickness of 2 mm and cured by maintaining them at SO^C for 1 0 minutes, yielding a moist 
siiicone rubber sponge-like sheet. The sheet was placed in a hot air oven at ISO^C and hot air dried for 1 hour, yielding 

50 a silicone rubber sponge sheet. The shape of the silicone rubber ^onge sheet faithfully reflected the shape of the inner 
surface of the moid, it hadadensityof 0.61, a dimensional accuracy of 0.99, and cell diameters of 0,1 to 0.2 mm. Based 
on the results, it was found that the silicone rubber sponge of the present Invention had superior dimensional accuracy 
and moid conformability, small cell diameters, and excellent uniformity. 

55 INDUSTRIAL APPLICABILITY 

[0036] The silicone rubbersponge emulsion composition of the present invention is useful in the production of silicone 
rubber sponge of superior dimensional accuracy, smal! cell diameters, and good uniformity. 
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[0037] The inventive method for producing a silicone rubber sponge emulsion composition is usefui for preparing 
silicone rubber sponge emulsion compositions exhibiting exceitent emulslflcatlon even with small amounts of emulsifying 
agents, 

[0038] Tl^e inventive method for producing silicone rubber sponge is useful for producing silicone rubber sponge of 
s superiordimensional accuracy, smallcell diameters, and good uniformitywithoutusing organic foaming agents, hydrogen 
gas, and volatile hydrocarbon gases as foaming agents. When silicone rubber sponge is molded In a mold, it is suitable 
for manufacturing silicone rubber sponge with good mold confomnabllHy. 



10 Claims 

1. A silicone rubber sponge emulsion composition, which comprises (A) a liquid silicone rubber base comprising (a- 
1) a liquid diorganopolysiloxane having at least two alkenyl groups permoleculeor(a-l) allqulddlorganopolysiloxane 

having at least two alkenyl groups per molecule and (a-4) a reinforcing filler, (a-2) an organopolysiloxane having at 
IS least two silicon-bonded hydrogen atoms per molecule, and (a-3) a platinum catalyst, (B"") an aqueous soiution of 

(b-1 ) a water-soluble polymer, and (C) an emulsifying agent, and in which (a-1 ) to (a3) or {a-1 ) to (a-4) in component 
(A) form an addition-curable type liquid silicone rubber composition, component (B) is contained in a proportion 
ranging from 50 to 250 parts by weight and component (C) is contained in a proportion ranging from 0.1 to 10 parts 
by weight per 1 00 parts by weight of the total of (a-1 ) to (a-3} or the total of (a-1 ) to (a-4) in component (A). 

20 

2. A method for producing the silicone rubber sponge emulsion composition according to claim 1 , wherein an addition- 
curabie type liquid silicone rubber composition is prepared by mixing (A) a liquid silicone rubber base made up of 
(a-1) a liquid diorganopolysiloxane having at least two alkenyl groups per molecule, or (a-1) a liquid diorganopoly- 
siloxane having at feast two alkenyl groups per molecule and (a-4) a reinforcing filler, (a-2) an organopolysiloxane 

25 having at least two silicon-bonded hydrogen atoms per molecule, and (a-3) a platinum catalyst and an emulsion is 

made by mixing the addition-curable type liquid silicone rubber composition with (B^) an aqueous solution of (b-1) 
a water-soluble polymer, and (C) an ©fnuisifylng agent, 

3. A method for producing the silicone rubber sponge emulsion composition according to claim 1, wherein an emulsion 
30 is produced by mixing (A) a iiquld silicone rubber base comprising (a-1) a liquid dlorganopolyslioxane having at least 

two alkenylgroups permolecuSe or (a-1) a liquid diorganopolysiloxane having at least two alkenyl groups permolecule 
and (a-4) a reinforcing filler, (B^) an aqueous solution of (b-1) a water-soluble polymer, and (C) an emulsifying agent, 
and the emulsion is mixed with (a-2) an organopolysiloxane having at least two silicon-bonded hydrogen atoms per 
molecule and (a-3) a platinum cat^yst. 

35 

4. A silicone rubber sponge emulsion composition, which comprises (A) a liquid silicone rubber base comprising (a- 
1 ) a liquid diorganopolysiloxane having at least two alkenyl groups per molecule or (a-1) a liquid diorganopolysiloxane 
having at least two alkenyl groups per molecule and (a-4) a reinforcing filler, (a-2) an organopolysiloxane having at 
least two silicon-bonded hydrogen atoms per molecule, (a-3) a platinum catalyst, (B^) an aqueous solution of (b-1) 

^0 a water-soluble polymer and (C) an emulsifying agent, and In which (a-1 ) to (a3) or (a-1 ) to (a-4) in component (A) 

fomi an addition-curable type liquid silicone rubber composition, component (b-1) and water are contained in a 
proportion ranging from 1 0 to 250 parts by weight and component (C) is contained in a proportion ranging from 0,1 
to 10 parts by weight per 100 parts by weight ofthe total of (a-1) to (a-3) or the total of (a-1) to (a-4) in component (A). 

IS 5. The silicone rubber sponge emulsion composition according to claim 1 or claim 4, wherein component (b-1) is 
sodium salt of an acrylic acid polymer and component (C) is a nonionic surface active agent. 

6. The silicone rubber sponge emulsion composition according to claim 5, wherein the sodium salt of an acrylic acid 
polymer is sodium salt of polyacrylic acid. 

50 

7. The silicone rubber sponge emulsion composition according to claim 1 or claim 4, wherein component (b-1) is 
contained in component (B"") or component (B^) in an amount of 0.1 to 5 % by weight. 

8. The method for producing a silicone rubber sponge emulsion composition according to claim 2 or claim 3, wherein 
S5 component (b-1) is sodium salt of an acrylic acid polymer and component (C) is a nonionic surface active agent. 

9. The method for producing a silicone rubber sponge emulsion composition according to claim 8, wherein the sodium 
salt of an acrylic acid polymer is the sodium salt of polyacrylic acid. 
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10. The method for producing a silicone rubber sponge emulsion composition according to claim 2 or claim 3, wiierein 
component (b-1) is contained in component (B^) or component (B^) in an amount of 0.1 to 5 % by weiglit. 

11. A method for producing silicone rubber sponge, wherein silicone rubber ^onge is obtained by forming a moist 
silicone rubber-lilce molding by curing tine sidcone rubber sponge emulsion composition according to claim 1 or claim 
4 and then eve^orating water from the molding by heating. 

12. The method for producing a silicone rubber sponge according to claim 11, wherein the silicone rubber sponge 
emulsion composition is cured at a temperature between room temperature and iess than 120°C and the cured 
product is heated at 1 20''C to 250'C. 

13. The method for producing a silicone rubber sponge according to claim 1 1 or claim 12, wherein the silicone rubber 
sponge emuision composition does not contain air bubbles. 



11 



EP 1 724 308 A1 



INTERNATIONAL SEABCH REPOKT 


International a^iplication No. 




PCT/JP2004/002883 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI' COeL83/07, C08L83/05, C0BJ9/28 



Ajccordingto Internaaonal Patent ClassiJicatioii (IPC) or to both nntioiial classi Rtation and IPC 



B. FIELDS SEARCHED 



2tliiumuin documeDtation searched (classification system ibUowwl by classificaison symbols) 
Int.Cl^ C08I.83/00-83/16, C08G77/00-77/62, C08J9;28 



Docaimentation searched other than minimum documentation to the extent (hat sucli documeots are included in tlie fields SBarohed 
Jitsuyo Shiran Koho 1926-1996 Jitsuyo Shinan Toroku Kotio 1996-2004 

Kokai Jitsiiyo Shiiran Koho 1971-2004 Toroku Jitsuyo Shinan Koho 1394-2004 



Electronic data base consulted during the iolcnialionsl search (name of data base and, wliere practicable, search leims used) 
WPI/L, CAS ONLINE 



C. DOCUMENTS CONSPERED TO BE REI-EVANT 



Categoiy* 


Citation of document, willi indscatioii, wheie appropriate, of thereSevantpassages 


Relevant to claim No. 


B,X 


JP 2004-143332 A (Shindo Sen' i Kogyo Kabushiki 
Kaislia) , 

20 May, 2004 (20.05.04), 
Clairos 1 to 5; examples 1 to 4 
{Family: none) 


1-13 




JP 2004-91569 A (Michias Corp.) , 
25 laarch, 2004 (25.03.04), 
Claims 1 to 5 
(Family: none) 


1-13 


X 


JP 61-108640 A (Dow Chemical Japan Ltd.), 
27 May, 1986 (27.05.86) , 

Claims; page 4, lower right column, line 7 to 
page 5, lower left column, line 2; page 7, 
upper left column, lines 3 to 15 
1 US 4559369 A S EP 133367 A2 


1-13 



CH] Further documents are listed in the continuation of Box C, 



I i See patent feraily annex. 



* Special caKgoiies of cited documents: 

"A" doeumcnt defining Hib gmera! stale of ilis art wJii cti is not coiisiilercd 

to be of particulerrelevanee 
"E" esitier npplication or patent ijut publi^ed on or alter tlie intcraatiDnal 

tiling date 

"L" docuiiientwliicli may llirow doubts on priority ciaiiin(s) or wSiich is 
cited to establish the publication date of anotlier citation or other 
special resson (as specified) 
"O" document rersrrmg to an oral diaclosuK, usEt exhibiticn or other means 
"F' document putjlished p:ior to tlie intemaliaiial filing dale hut later than 
the priority date claimed 



"T' Ssler doeuraait publisScd aier the intenuiianal ITIing dale or priority 
date and not in conttict with the sppllcation but cited to understand 
the principle or theory underlying the invention 

"X" document of pnrticular relevance; the claimed Invention cannot be 
considered uuvel or cannot lie considcied lo involve an inventive 
step when the dncumiSBt is taiten alone 

" Y" document of particular idevance; the claimed invenlion cannot be 
considereii lo involve an inventive step when the document is 
combmcd with one or more other such documenis, such combination 
being obvious to u psrici^ -kiiled in tlie ait 

'*&" document memhei of the same patent family 



Date of the actual completion of the international search 
21 June, 2004 (21.06.04) 


Date of miuling of the international seardi report 
06 July, 2004- (06.07.04) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsiniile No, 


Authorized officer 
TeiefAooe No. 



Form PCT/IS A/2 1 0 (second sheet) (lanuaty 2004) 



12 



EP 1 724 308 A1 



INTERNATIONAL SEARCH RBFORT 



Intcmational applicalian No. 
PCT/JP2004/002883 



C(CoiUinuatio!i), rWCUMEhm CONSffiESED TO BE RELEVANT 



Category* 



Ciiadon of document, with indication, where appropriate, of (he leJevant passages 



JP 51-103945 A (Dow Corning Corp.), 

22 May, 1986 (22.05.86) , 

Claiitis; page 6, -upper left column, line 15 to 

page 7, upper left colixmn, line 15 

i US 4572917 A fi EP 183370 H2 

jp 59-12830 a {Dow Corning Corp.)» 

23 January, 1984 (23.01.84), 

Page 3, lower left colonai, lines I to 12,* 
page 7, upper left column, lines 6 to 20 
& US 4473667 A S BP 97915 Al 

JP 59-12832 R (Dow Corning Corp.), 

23 January, 1984 (23.01.84), 

Page 6, upper right colTJitin, lines 5 to 13 

& irs 4391921 h fi EP 97914 M 

JP 6-207038 R (Wackec Cheiai.e GiiibH,), 
26 July, 1994 {26.07.94 ) , 
Claims. 1 to 8, particularly. Claim 7; 
Par. No. [0032] 

& US 5332762 A i EF 553889 Al 

JP 6-287348 A (Lignite Kabushiki Kaisha) , 

11 October, 1994 {11.10.94), 

Claims 1 to 3; Par. No. [0015] 

fi US 5362761 A & EP 522585 Al 



Relevant TO claim No. 



A 



1-13 



1-13 



1-13 



1-13 



1-13 



Fomti PCTrtiSA/210 (oontlnufllion of second slieet) (January 1004) 



EP 1 724 308 A1 

REFERENCES CITED IN THE DESCRIPTION 

This list of references cited by fhe applicant is for fhe reader's convenience only. It does not form part of the European 
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be 
excluded and the EPO disclaims all liability in this regard. 



Patent documents cited in the description 

• JPSH044461 B[0003] 

• JP HE 17247436 A [0003] 

• JP HEI5209080 A [0003] 

• JPSHO54135865A[0004] 

• JP HE 1570692 A [0004] 



• JP HEI1 1130963 A [0004] 

• JP HEI71 22000 A [0004] 

• JP 20021 1-^60 A [0004] 

• JPSHO5912832A[0004] 



14 



